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AC(=EL;ERATIONS IN FIGHTER-AIRPLANE CRASm 
By Loren W. Acker, Dugald 0. Black, and  Jacob C. Moser 

An investigation was conducted on fu l l - sca le   f igh ter   a i rp lanes   to  
determine the  magnitude, duration, and direct ion of accelerations 
imposed on the  airplane  structure and pilot  during  simulated  crash 
landings. 

Acclerations were measured on the airplane structure and on an 
anthropomorphic dummy which was i n s t a l l e d   i n  the cockpit of an FH-1 air- 
plane.  Five of these  airplanes were crashed  under  circumstances  approxi- 
mating those  observed i n  the mili tary  service.  These crashes  simulated 
three unflared  landings,  each a t  a different  i q a c t  angle, a ground c a r t  
wheel, and a ground loop. 

The maximum longitudinal  acceleration measured a t  the  center of 
gravity of the  airplane  increases  rapidly with impact angle from a value 
of 8 g's f o r  the 4' angle of impact t o  a value -of 60 g ' s  for the 27' 
angle of impact. The longitudinal  accelerations measured on the cockpit 
floor during  both  the ground-loop and cart-wheel  crashes are of about 
the same magnitude (less than 10 g ' s> . Such accelerations can be eas Fly 
tolerated hy an adequately restrained  pi lot .  

However,  human tolerance  to normal (ver t ical)   accelerat ions was ex- 
ceeded i n  a l l  the unflared landing crashes. 

Pilots  involved  in  fighter-airplane  crashes  often  receive  severe 
injuries even  though the cockpit  remains  uncrushed and the l iving 
space has not  been encroached upon (refs. 1 and 2) . To provide a 
basis for  reducing  these injuries, a se r i e s  of airplanes were crashed 
experimentally  to  simulate  the  various  types  of  crash  landings encoun- 
t e r e d   i n   t h e  military service. 

Severe   in jur ies   to   the   p i lo t  may be  caused by (1) being  crushed 
i f  the  cockpit  collapses, (2)  s t r ik ing  ob ects within the cockpit  or 
(3) experiencing  longitudinal and normal ?usually  called  verticalj  
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accelerations.  Inr-oraer-to  provide a basis   for   reduchg  these  injur ies  
through improved cockpit  design and p i l o t  equipment, the magnitude, 
duration, and direction of crash  loads imposed on the airplane 
structure and the   p i lo t  must be  determined, This report  describes 
some measurements of these  quantities  obtained by crashing  fighter 
a i r c r a f t  under circumstances  approximating  those  observed i n  service. 
These quant i t ies  were then compared wi'th existing  data on  human 
tolerance  W-the sudden loads t h a t  occur i n  crashes  to  see wether 
the human tolerance had been exceeded. 

" 

"" 

." - 
" ." .. . 

.. 

The crashes that were conducted i n  th i s  program included  three simu- 
lated  unflared  landings, a ground cart wheel, and a ground loop. ." . .  

- 

The simulated unflared  landing  crashes were conducted with varying - 

angles of imgact.  Increasing  the angle of impact  (angle between the-tan- 
gent t o  the airplane's t ra jectory and the ground surface, a t  the point 
of impact) gave crashes of increasing  intensity. In the  crash a t  the 
greatest  angle--of impact, the  cockpit  collapsed c q l e t e l y .  The two-se- - 

verest  crashes  thus  bracketed the maximum longitudinal  decelerating  force 
that the  airplane  structure  could transmit to   t he   p i lo t  without  collapsing 
the  cockpit. The jet   f ighter"airplanes used were supplied by the N a v y .  

APPARATUS i 

Airplane 

The airplanes used f o r  this investigation  werelsingle-place low- 
wing, twin-engine- j e t  fightem of conventional  structure  (fig. lf . Both . 

the   f ront  and rear  spars of the  center wing panel  continued  through  the 
fuselage. The cockpit zone was formed by sol id   f ront  and rear bulkheads 
connected by four r ig id  longerons which extended  forward from the WFng 
spars. The bulkhead, a t  the--rear of the cockpit, was a solid, heavy 
aluminum pla te  which also  served as armor plate .  The cockpit  floor  ahead 
of the seat was a rather dense s t ructure   fas tened  to  the two lower  longe- . 

rons. The f loor  under the p i l o t ' s  seat was of light-gage  sheet  metal. 
The nose of the  fuse-lage,  ahead of the  cockpit, was of low-density  struc- 
ture that collapses under low load. The bel ly  of the fuselage, below 
the  cockpit  floor, was of a similar construction. 

." 

.. . 

.. 
" 
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The p i l o t  I s seat (f ig .  2) was an L-shaped bucket type mounted-.on. 
two support  tubes. The seat was f'ree to   s l i de   ve r t i ca l ly  on the support 
tubes. Its ver t i ca l  position could  be  adjusted by lock  pins inserted In 
a ser ies  of holes.. &rille& in to  each  tube at I/-- inch intervals.  The 
support  tubes slipped into  sockets on the f loor  and were securely  bolted 
a t  the  top  to the amor  p la te  bulkhesd a t  the rear of the  cockpit. The 
lap   be l t  and shouldetr harness were fastened t o  the armor plate  bulkhead 
instead of the seat.  The seat  supported the p i l o t  only i n  the rearward 
and downward directions. Same lateral support was provided fo r  the hips 
by the diagonal seat-pan  braces. 

.. 

- ". " 

. .. 

- 
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During  this  investigation,  all  fuel tanks were  removed  and  were  re- 
placed  by  data  recording  equipment.  The  airplane's gross weight  and 
balance  were  adjusted  by  ballast  to  be  equivalent  to  those of the  air- 
plane  making a landing  with minimum fuel. " 

An anthropomorphic  dummy was used in all  the  crashes. This dummy 
had hinge  points,  weight  distribution,  center of gravity,  and body con- 
tour  to  conform  to  that of a 200-pound  average man. 

The  dunnny was equipped  with a Mae  West,  seat-pack  parachute,  and 
helmet.  Figure 3 shows  the  dummy  installed  in  the  cockpit. 

Safety  Harness 

The  various  harnesses  which  restrained  the  dummy  during  the  crashes 
are  shown  in  figure 4. The  straight-pull  static  tensile  breaking  strengths 
of  the  harness  materials  varied  from 1500 to 8300 pounds.  These  values 
are  tabulated  in  figure 4. 

The  harness  for  the  unflared landing crash  in  which an 18' ground 
impact  angle  existed was a standard  military  3-inch nylon lap  belt  and a 
&inch  cotton  shoulder  harness.  The  shoulder  harness  straps  were 
fastened  to  the  quick-release  lap-belt  buckle. 
4 

The harness  used  for  the  unflared  landing  crash  at a 22' contact 
angle  and  for  the  cart-wheel  and  ground-loop  crashes was the  same  as 
that  used  in  the 18' crash  except  that  the  shoulder  harness was made  of 
dacron  instead  of  cotton. 

In the  unflared landing crash  at  27O, an experimental  harness  de- 
veloped  by  Lt. Col. John Stapp, USAF, (ref. 3) was used.  This  harness 
consisted of two  layers of 3-inch nylon webbing  stitched  together  for. 
the  shoulder  harness  aid  the  lap  belt. In addition,  two  pieces  of  single- 
thickness  3-inch nylon webbing  were  used for thigh  straps.  These  straps 
passed  under  the  dunrmy's  buttocks  and  came  up  the  crotch and over  the 
thighs  as  shown in figure 4. All straps  were  fastened  together  at  the 
lap-belt  buckle. 

The  procedure  used  for  conducting  these  experimental  crashes  is 
fully described in reference 4.  Briefly,  however,  the  crashes  were 
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conducted i n  the following manner. The airplane was prope-Ued by i ts  
o m  power along a 1700-foot runway t o  the crash area. When it reached 
tEe-craah area, the airplane had at ta ined a speed of about 112 miles per 
hour. The airplane was guided by a s l ipper   subst i tuted  for  the nose 
wheel. This slipper was slaved t o  a guide rail.  

The crash  barriers-and  crash area were arranged f o r  each  crash t o  
produce the  desired sequence of events. Except f o r  the cart-wheel  crash, 
the flrst bar r ie rs  usually tore  a l l  or   par t  of the landing gear  off the 
airplane.  The airplane  then f l e w  a short  distance as a free-movingve- 
hicle .  In the  unflared landing crashes,  the  difference between the ex- 
perimental crashes and ac tua l  crashes i s  that the-earth's slope,  instead 
of the approach path, i s  a t  an angle with a horizontal  plane. The accel- 
erations measured i n   t h e s e  experimental  crashes  are  not  seriously af- 
fected by this compramiee. 

To prevent a large  crash f ire,  only enough fuel was provided t o  run 
the w i n e s   u n t i l  the airplane  reached  the  crash  area. Then the   fue l  
flow to   the  engines was stopped  automatically.. 

INSTRUMENTATION 

Instruments  and cameras were used- to   obtain a time history of the 
airplane's  action  during a crash, the movement of the dummy, the forces 
appl ied   to  th~_-ess, and the accelerations of the  airplane and the 
dummy. These data were recorded by one or  more of the  following methods: 

(1) Cameras indial led around the  crash  area 

(2) cameras installed on the airp-e 

(3) Telemeter system 

(4) Magnetic tape  recorders 

Photography 

Motion-picture cameras located on the  various camera platforms 
around the  crash area and on the airplane  recorded the action of the 
airplanecand the dummy throughout the crash. The cameras on the air- 
plane gave closeup motion pictures of the dummy's action. These cameras 
were installed on the wing and in f ront  of and above the cockpit as shown 
ir figures 5(a) , (b) , and (cI, respectively. A section of the cockpit 
skin between two lBiigFmns was removed t o  expose the dummy's hip  area 
t o  the wing-mounted camera. Sample frames of the  f i lm from these air- 
plane cameras ( f ig .  6)  show the area of i n t e re s t  covered  by  each camera. 

r 

. 
... 
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A synchronizing  system  established a zero  time for all motion- '\ 

the  cameras  and data recorders established a continuous  relation  between * 
the  data.  Thus,  it was possible  to  correlate  the  data  from  all  recording I 

instruments  and  cameras. 

Y picture  cameras  and data recording  instruments.  Timing  systems on both 
3 

Telemeter  System 

The  telemeter  system  provided a continuous  record of the  airplane 
and dunnny  accelerations and  the  harness  forces  during  the  crash. This 
system  consisted of accelerometer  and  tensiometer  transducers, a trans- 
mitter,  and a receiving  and  recording  station. 

The accuracy of the  system was A2 percent of full scale  up to os- 
cillatory  acceleration  frequencies of 100 cycles  per  second.  Further 
details of the  telemeter-  system  are  provided in the  appendix. 

The  general  location of the  telemeter  transmitter in the  airplane 
a is  shown  in  figure 7. The  receivlng  and  recarding  station  located in 

the  operations  building  (ref. 4)  is shown  in  figure 8. 

1 

Accelermeters 

The  accelerometers  were  mounted on machined  steel  blocks  which  were 
installed  at  various  locations on the  airplane and dummy. The  specific 
location of each  accelerometer  as  installed in the  airplane and dummy is 
shown in figures 9 and 10 and  is  listed  in  the foUowing table: 

Accelerometer  location l- 
Urplane floor  (cockpit) 
Airplane  bulkhead 
Airplane  center of 

grad  ty 
Seat pan (cockpit) 
Dummy's head 
Dummy' s chest 
Dummy's hips 

Direction of 
acceleration T; 

Longi- 
tudinal 

X : Pigwe 
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The forces  exerted on the seat bel t  and  shoulder  harness by the 
dunrmy w e r e  measured  by tensiometers  and were recorded by the te lemeter  
system. Tbe tensiometers are described in  the appendix. These tens im-  
e t e r s  were ins ta l led  a t  each  attachment  point of the  restraining  harness. 
Figure 11 shows the  tensimeters   instal led on the shoulder harness and 
lap bel t .  

Magnetic %pe Recorder 

The magnetic tape  recorder  obtained  time  histories of the  airplane 
and dummy acclerations  not  obtained b"the telemeter system. The l o a -  
t ion  of the recordersin  the  a i rplane i s  shown i n   f i g u r e  12. Each re- 
corder  converted  the  output of six acceleration  transducers  to a 
frequency-modulated si-gml and provlded a seventh  chahnel - f o r   a p e  speed 
cmpensation  and  time  sphronization of records. I n  order to   obtain 
the  records i n  readable form, the magnetic tapes were run through a 
playback which converted the frequency-modulated signals t o  a graphic 
presentation of acceleration  and time. Dymmkx%lly, the  recorder pro- 
duces  graphic  acceleration  records d%h increasing  error as tEe-acce-Ler- 
ation  frequency  increases. TMs er ror  is not  over  percent of f u l l  
scale a t  100 cycles  per second. A t  0 cycle  per second, the   e r ror  i s  
less than A&' percent of ful l  scale. 

.. . 

. . .  - 

REsUL29 AND DISCUSSION 

The accelerations were measured in the  directions  defined by the 
airframe coordinate  system. Thw, af t  accelerations  along the langitu- 
d.inal axis of the  airplane  decrease  1-k-speed. Normal accelerations, 
frequently  called vertical, act  perpendicular t o  the  longitudinal axis 
of the airplane. An acceleration upward results from a pitching  force 
that tends to  increase  the  airplane's angle of attack. 

Longitudinal  Accelerations 

Description of unflared bdlng crashes. - In the  three  unflared 
landing crashes,  both main lasang-gear  assemblies were ripped from the 
airplane by wheel  abutments. The abutments that tore  off the main 
landing-gear wheels  and the abutment that tore-  off  the--nose-gear assem- 
b ly  are shown i n  f igure 13. The Lat ter  abutment was set a t  an angle of 
loo to  the  longitudinal axis of the  a i rplane  to   def lect   the  nose gear-. 
t o  one side and  avoid Fmpaet wi3d.1 the underside of the  airplane. In 
this way, damage t o  the duIlnny and  the-  instrumentation by the nose  gear 
was prevented.  After  the  airplane  passed  through  these  barriers, it 

I " 

' .- 
. _" 
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became a f r ee  body which glided f o r  approximately 85 feet   before   s t r ik-  
ing  the sloping ground in   the  crash area. During this glide, the air- 
plane pitched downward. 

The airplanes  struck  the ground  head-on with  impact  angles of 18O, 
22O,  and 27O. The airplanes in the  18' and 22' crashes bounced in to  
the air a f t e r  the initial impact  and flew  an  additional 200 f ee t .  A 
second  impact  occurred in   these  two crashes when the  airplane slammed 
t o  the ground. In the 27' crash, a  second bqac t   d id   no t  occur as the 
airplane  stopped  within one airplane  length from the  point of i n i t i a l  
impact with the ground. 

Figure 14(a) shows a s t r i p  film from the motion pictures of the 18' 
unflared  landing  crash. In this crash, the longitudinal axis of the a i r -  
plane  and i ts  f l igh t   pa th  were pa ra l l e l  at  the moment the nose hit the 
ground. The nose section crumpled first then  the  cockpit  section began 
t o  def o m  and def lect  upward ( f ig .   M(a)  3 . This cockpit  deformation 
allowed the bulkhead, located a t  the rear  of the  cockpit, t o  dig  into 
the ground. This digging  action imposed a momentarily large  acceleration. 
The airplane  then  pitched upward and slid up the slope. 

In general,  the same sequence of events  occurred when the  angle of 
impact was 22' ( f ig .  14(b)).  Ln this crash, however, the  longitudinal 
axis of the airplane  t ipped upward 9' with respect t o  the flight path a t  
the moment of nose  impact. Because of t h i s  airplane attitude, the bottom 
of the  airplane was nearly parallel with the ground. The *act loads 
were therefore  spread more uniformly  over  the bottom of the  airplane.  In  
this crash,  the  cockpit  section  did  not deform and def lect  upward as it 
d id   i n   t he  18' crash. Instead, the whole airplane  pitched upward when 
the  cockpit  section hit the ground (fig.  14(b) ) . The nose section of the 
airplane, however, c rmpled   i n  much the same manner a6 in  the 18O crash. 

When the impact angle was increased t o  2 7 O  as shown in figure X (  c)  , 
the   ent i re   forestructure  of the  fuselage ahead of the wing collapsed. 
The airplane 's  path was essent ia l ly  unchanged during the' c o l b p s e  of 
this fuselage  forestructure. When the wing hit the ground, the airplane 
pitched upward and sl id up the  slope. 

The d ~ t a  provided i n  this s t u Q  by the unflared  landing  crashes show 
the   re la t ion  between the  s t rength of the  a i rplane  s t ructure  and the  accel-  
erations that occur. These accelerations  should be the maximum values 
that the  fuselage  structure  can  transmit  before  collapsing  because  the 
airplane was crashed a t  the minimum flfing weight. The strength of the 
airplane fuselage i s  sFmply an equal  and  opposite  reaction t o  a given 
force which will begin  the  collapse of the  structure.  The maximum ac- 
celerat ion  t in  g ' s )  which an airplane  s t ructure  can  transmit t o  the 
structure  behind it before collapsing is  the acceleration  force  applied 
t o  it divided by the weight of the amlane behind this   s t ructure .  
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Therefore, if the   a i rplane 's  weight is a t  a minimum, the  transmitted  ac- 
celerations of the  structure upon collapse  should  be  the maximum obtainable. ~ 

The crushed  structure,  in  these  crashes, can be  divfded  into three 
sections: (1) the nose section ahead of the  cockpit (this structure i s  
r e h t i v e l y  weak and  crushes readily), ( 2 )  the  cockpit  section which houses 
the p i l o t  (this st ructure  i s  samewhat  stranger than the nose  section  but 
the bel ly   s t ructure  below the  f loor  is  reiat ively weak), and (3) the wing  
structure.  The wing structure,  adjacent  to  the  fuselage, i s  very  strong 
and will resist high  cras3iTorces. The development of accelerations as- 
sociated with the  crashing of each section is discussed in the  following 
paragraphs. 

Accelerations  transmitted by nose structure.  - The acceleration data 
measured on the  cockpit  floor immediately  behind the nose section of the 
airplane  indicate  the  acceleration  force  that   the nose section  can trans- 
m i t  t o  the floor  before  the nose collapses. " 

During the time the nose structure was collapsing (the f i r s t  0.05 
sec), the longitudinal  acceleration in all three crashes gradually rose 
a t  approximately the same r a t e   t o  a value of about 18 g ' s  as shown in 
f igure 15. This gradual  r ise indicates that progressively  larger  cross 
sections of the nose s t ructure  were involved as the nose  collapsed. 
These data ( f ig .  15), therefore, show that the maximum acceleration  the 
nose structure  transmitted  was-about 18 g's. The nose s t ructure  then 
can  withstand  acceleration  farces i n  the  order of magnitude of 18 times 
the  a i rplane weight 

The values frm figure 15 and subsequent  acceleration  curves were 
obtained by fairing  these  curves  to  disregard  the  high-frequency compo- 
nents. It is f e l t  that these components represent  vibration of the 
s t ructure  that supports  the  accelerometer mounting brackets.  Since 
these  high-frequency components have l i t t l e  e f fec t  on human beings, 
they  should be disregarded. . .  

The records for the cockpit floor ( f ig .  15) show accelerations 
greater  than  the 18 g's just  discussed. 

In a l l  three crashes, after the nose  section had collapsed,  the 
stronger  cockpit  structure hit the ground. W e  stronger  structure  pro- 
duced a further  increase  in  the  accelerations measured on the  cockpit 
floor. In the JB0 crash, these accelerations  rose  to  about 20 g * s a t  
0.06 second ( f ig .  15fa)). A t  this tFme, the cockpit   structure  failed i n  
bending, and the  cockpit  deflected upward. Because of this deformatim, 
the ground  plowing of the forward part of the  airplane  decreased. Con- 
sequently,  the  deceleration of this portion of the  airplane  decreased. 

.. . 

.. 
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In the 22' crash  after  the  fuselage  nose  cruzqpled,  the  cockpit 

cockpit  structure  did  not  deflect  upward. This resulted in an accelera- 
tion  peak of 30 g ' s  between 0.06 and 0.07 second  (fig. 15(b)). 

I structure dug into  the ground harder than in the 18O crash  because  the 

In the 27' crash,  after  the  nose  structure  collapsed,  the  accelera- 
tion  of  the  cockpit  floor  .(fig.  15(c) ) rose  rapidly  because  the  cockpit 
floor  also  collapsed  and  the  accelerometer  itself  hit  the  ground.  The 
acceleration of 140 g's  produced  by  ground  contact  indicated at this 
time (0.065 sec)  should  not  be  compared  with  other  acceleration  data. 

Accelerations  transmitted by cockpit  structure. - The  acceleration 
data measured on the  bulkhead  at  the  rear of the cockpit inucated the 
acceleration that the  cockpit  structure  transmitted. 

The acceleration data measured on the bulkhead at  the  rear of the 
cockpit  are  shown  for  all  three of the unflared landing crashes in fig- 
ure 16. This bulkhead  is  used  as  the  anchoring  structure  for  the dummy's 
restraining  harne-8s.  The  accelerations imposed on this  bulkhead  there- 
fore  would  be  transmitted  to  the  dunrmy's  restraining  harness. 

L 

In the 18O crash,  the  bulkhead  acceleration  rose  to  about 20 g's - at 0.06 second  (fig.  16(a)) The acceleration  then  dropped  to zero when 
the  cockpit  structure  deflected  upward  at 0.065 secad. When  this 
happened,  the  bulkhead  itself  dug  into  the  grsurid. This plowtng increased 
the  acceleration  at  the  bulkhead  to 35 g's at 0.1 second. This loading, 
however, was applied  directly  to  the bulkhead when  the  structure  itself 
struck  the  ground.  Since  this load was not  transferred  through  the  cock- 
pit  structure, no appreciation  for  the  crushing  strength  of  the  cockpit 
structure  can  be obtahed from  this  crash. 

In the 22' crash,  the  cockpit  structure  was  near  collapse  as indi- 
cated by the  wrinkles in the  fuselage skin (fig. 17). The  acceleration 
at  the  bulkhead  during  this  crash  rose  to a peak value  of  about 35 g ' s  
at 0.085 second  (fig. 16(b)). The normal component of this  accelerating 
force  crushed  the belly structure  and  allowed  the  bulkhead  itself  to dLg 
into  the  ground. A short  peak of 50 g ' s  at 0.095 second  resulted. Al- 
though  exposed  to  longitudinal  accelerations  between 30 and 35 g*s for 
0.03 second,  the  cockpit was not  crushed  as  shown in figure 18. At the 
the the 35-g peak was attained,  aU-  the  airplane  accelerating  force was 
transmitted  through  the  cockpit  structure  since  airplane  crmTponents  aft 
of the  cockpit  were  not  yet in contact  with  the  ground.  Since  the  be- 
ginning of the  cockpit  collasse  occurred at 35 g's, it  is  assumed  that 
the coUpse strength of the  cockpit  is  equivalent  to an acceleration  load 
Of 35 times  the  weight  of  the  airplane  behind  the c0ckpl-t. 

An accelerating  force  that  caused cmplete collapse of the  cockpit 
structure was obtained in the 27' crash.  The  acceleration  history 
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(fig. 16( c) ) shows  that  the  acceleration  increased  gradually  as  the  nose 
structure  collapsed.  The  acceleration  cantinued  to  build  up  while  the 
cockpit  collapsed. An accelerate of about 40 g ' s  wae recorded wMle 
the  cockpit  structure was collapsing,  as  indicated  by  the  data  between 
0.07 and 0.08 second.  After  the  cockpit  structure  had  collapsed,  the 
bulkhead  accelerometer  itself  hit  the ggound. When  this  happened, a 
large  acceleration was indicated. This acceleration  is similar to  the 
acceleration  that  occurred  when  the  accelerometer on-the cockpitfloqr 
hit  the  ground  and was suddenly  stopped.  Therefare,  this  acceleration 
also  should  not  be  compared  with  other  acceleration data. 

From the  preceding data, i-t can be  seen  that  incipient  failure of 
the  cockpit  occurred  at a longitudinal  acceleration af 35 g's, and cm- 
plete  failure  occurred  at 40 g's.  Since this cockpit  structure 'vas able 
to  withstand loa& np"to 40 @;Is, the military services'  decixlon  to de- 
sign  their  fighter-pilot's  restraining  equipment  for 40 g's is  realistic 
in  this  Lnstance. 

" 

The gross relation  between  airplane  structural  strength  and maximum 
acceleration  observed in this  fighter-airplane  study was also observed 
in the  study  of  light-airplme  crashes (ref. 5 ) .  The  &ximum  accelera- 
tion  in the light-airplane  crashes was also  limited  by  the  strength of 
the  structure in the  forepart  of  the  airplane  although the airplane  struc- 
ture  and  crash  circumstances  were  different  fram  the  fighter-airplane 
crashes.  The  light-airplane  structure  consisted  of  fabric-covered  tubu- 
lar  steel  members,  while  the  fighter  airplane  had an alum;inum  monocoque- 
type  structure. I n  the  light-airplane  crashes,  the  airplanes  struck a 
mound ofearth at  an  angle  of 5 5 O  at  speeds  between 42-and 60 miles  per 
hour. By comparison,  the  fighter amlanes crashed  into  the  ground at 
angles  between 4 O  and 27O with a speed  of U 2  miIes  per  hour. 

. 

The fighter-  and  light-airplane  crash  data  demonstrated  the  obvious 
point  that  the  strength  of  the  uncrushed  structure  ahead  of  t3ie  pilot 
and  the  weight  of  the  airplane  behind him determine  the maximum acceler- 
ation he will receive. 

Accelerations of center-section wing panel  structure. - S m e  appre- 
ciation for the  strength  &..the  center-section wing panel  structure  can 
be  obtained from the  acceleration data, measured  &the  center  of  gravity 
of  the  airplane.  The  center of' gravity  is  located  approximately 6 feet 
behind  the  buUrhead  at  the  rear  of  the  cockpit.  The wing roots  are 
fairly  thick  since  they  house  the  engines.  The  airplane  structural 
strength in this  zone  is  correspondingly high. The  longitudinal  acceler- 
ations  measured at the  airplane's  center of gravity  for  the la0, 22O, and 
27' unflared landing craahes  are sham in  figure. 19. The maximum accel- 
eration  recorded  at  the.center of gravity of the  airplane was 60 g ' s  dur- 
ing  the 27' crash. In this  crash, when the acceleration  at  the  center of 
gravity  rose  to a msimum of 60 g 's  at 0.12 second  (fig. 19(c)), the 

". 
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center-section wing panel structure  struck  the ground. The amount of 

parts that received  serious damage i n  this area were the  engine air in- 
le t  ducts. It appears  then that this st-&cture can transmit large 
longitudinal  accelerations  before it fails. 

rl damage t o  t h i s  s t r u c t u e  was minor as shown in figure 20. The only 
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Longitudinal  accelerations i n  around-loop and cart-wheel crashes. - 
During a ground-loap crash  (fig. 21) the airplane rotates  about a ver t i -  
c a l  axis w h i l e  the airplane is  in a nearly  horizontal attitude. Such an 
accident was sfirmlated  by  ripping  off only the left main landing gear 
with an abutment similar to  those  used in previous  crashes. The l e f t  
wing t i p  then dropped t o  the ground. After the airplane had moved about 
50 f ee t   i n to   t he  crash area, the  l e f t  wing t i p   s t r u c k  an earthen bank 
( f ig .  22) which rotated  the  airplane  rapidly until the  opposite ( r igh t )  
wing t i p   s t r u c k  the mound. A t  this point, both the  nose  and right wheel 
struts collapsed and the airplane stopped  rotating. It then sl id tail 
f i rs t  u n t i l  it struck a second  earthen bank located  across  the  crash 
area centerline  (fig.  22) . While the airplane was s l id ing  rearward, 
(2 .3  s ec   a f t e r  impact) , it gouged a hole i n  the top of the second mound 
and bounced into  the air t a i l  first. It then slammed  down on i ts  be l ly  
and came t o   r e s t  some 50 feet  behind this second bank ( f ig .  21) .  

me longitudinal  acceleration of the  cockpit  floor measured in   the 
ground-loop c r a s h - i s  s m ~  i n  figure 23. Because the angle of initial 
impact with the ground wassmall, the  initial longitudinal  acceleration 
rose   to  only 4 g ' s .  Following t h e   i n i t i a l  impact, the airphne s l id  
along the ground f o r  approximately 2.3 seconds. During this time the 
acceleration was generally less than 3 g's. By the  time the airplane 
struck the second mound of earth going  rearward, i ts  veloci ty  was re- 
duced t o  60 miles per hour. Upon s t r ik ing  the mound a t  this reduced 
velocity, the airplane  rose  over it without significant damage t o  the 
ai lplane structure. As a consequence the -longitudinal ccaqponent  of the 
cocQit  floor  acceleration  (fig.  23(aj) had a p e e  of only 9 g ' s  (2.33 sec) 
which l a s t ed   fo r  0.1 second. This was the maximum longitudinal  ac- 
celeration  encountered  in  the ground-loop crash. 

The lateral acceleration of the cockpit  floor, as shown in figure 
23(b), i s  of the same order of mgaitude as the longitudinal  cockpit 
f loor  acceleration. 

The cart-wheel  crash was created by ro l l ing   the  airplane i n t o  a 
left-wing-down attitude before it l e f t  the guide rail. This was done 
by running the airplane along a twisted ramp 85 feet long a t  the crash 
end of the runway ( f ig .  24). This ramp ro l l ed  the airplane with uniform 
rotat ional   accelerat ion until the wing was at  a 30' angle with the hori- 
zontal  as shown in t h e   s t r i p  film from motion pictures i n  f igure  25. 
Upon reaching this 30' posit ion,   the l e f t  wing struck  an  earthen bank 
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( f ig .  2 4 ) ,  located  approximately 10 f e e t  beyond the end of the ramp, 
which cartwheeled  the  airplane-. As the  airplane  tmibled, it struck  the 
ground nose first (f lg. 25) . With the nose acting as a pivot,  the air- 
plane-turned until t h e   l e f t  wheel again  struck  the ground (fig.  25) . 
This Fmpact- destroyed  the left landing  gear. The airplane  then landed 
on i t s  bel ly  and s l i d  t o  a stop. 

The longitudinal accelerations  encountered in the  cart-wheel  crash 
(f ig .  26(a)) were less  tlim 10 g's.  Peaks up t o  9 g ' s  occurred when the 
wing tip  and-futjelage  nose dug in to   the  ground. Becauee of the wheel- 
l i ke  motion of the airplam,  the  bearing  point  shifted from one place on 
the  airplane t o  another, and the accelerations  in  the  cockpit were s~~plll. 
The lateralXzmEleratiom on the cockpit f l oo r  in this crash were a l so  
l o w  as shown in  figure  26(b). 

The accelerations on the  cockpit f l oo r  a re  aP about the same magni- 
tude in  both  the ground-loop and cart-wheel  crashes. Such accelerations 
can  be eas i ly  tolerated by an adequately  restrained  pilot. 

Variation of maximum longitudinal  acceleration  with impact angle a t  
center of gravity of airplane. - The prevlous  discussion has inf icated 
that the  angle of impact influences  the  severity of a crash. An indica- 
t ion of the magnitude of this influence can  be  obtained by comparing the 
maximum longitudinal  accelerations a t  the  center of gravity f o r  various 
impact angles. Such a comparison is  ehown f o r  four of the crashes in 
figure 27.  The center-of-gravity  acceleration is  chosen far this can- 
parison because the data were not  obscured by ldca l   fa i lures  of t h i s  re- 
gion i n  all four  crashes. 

The data shown i n   f i gu re  27 were obtained f r o m  the longitudinal ac- 
celeration  data a t  the  airplane  center of gravity f o r  the 18O, 22O, and 
27' unflared  landing  crashes  (fig. 19) and the data for the initial im- 
pact of the ground-loop crash  (fig. 28) whose i n i t i a l  angle of h p c t  
was 4'. It can  be  seen fran figure 27 that the  acceleration  increases 
rapidly  with  angle of impact frm a value of 8 gr s for the 4' angle- -of 
impact t o  a value of 60 g ' s  f o r  a 27' angle of impact. 

Longitudinal acceleration  received by dummy. - The acceleration of 
the   p i lo t  i s  determined by the  acceleration of the  structure t o  which he 
i s  attached, the load elongation  characteristics of his restraining  har- 
ness, and the  resil tency o f i s  own body and clothing. 

Body res i l iency   ac t s   l ike  a harness  stretch  in  permitting body move- ' 

ment re lat ive t o  the  airplane. The e f fec t ive   s t re tch   in   the  man - 
restraining-harness combinati-on is  the sum of the  harness  stretch.and 
the body defonnation. If the pilot's harness  stretches under load, that 
part of his body restrained by the harness  acquires a velocity  relative 

Y 
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t o   t h e  airplane. When the airplane  deceleration endures until the har- 
ness has become taut  and the p i l o t  still has ve loc i ty   re la t ive   to   the  air- 
plane, the p i l o t ' s  body will experience a deceleration  equal  to that of 
the airplane  plus the additional deceleration  required  to  bring the 
p i l o t ' s  body back t o  the speed of the airplane. If the airplane deceler- 
a t ion  declines w h i l e  the harness i s  s t i l l  stretching, his peak decelera- 
t i o n  may not   a t ta in   the  peak airplane deceleration. Otherwise, the 
pi lot ' s   decelerat ion may exceed that of the airplane. If the   p i lo t  i s  
attached r ig id ly   to   the   s t ruc ture ,  he will undergo the same deceleration 
as the   s t ruc ture   to  which he i s  attached. 

The anthropomorphic dummy used in this study  could  not be exgected 
to  duplicate  exactly  the  resil iency of a human; therefore,  the  response 
of the dummy to  accelerat ions may be somewhat different  from t h a t  of a 
human.  However, the data obtained with t h i s  dummy should  give some in- 
dication of the accelerations a human mLght experience. 

The restraining harness used i n  this study was at tached  direct ly   to  
the bulkhead a t  the rear of the cockpit. The seat, therefore, was not 
involved in the support of the dummy i n  the longitudinal  direction. 

.. 

The s imi la r i ty  of the accelerations measured on the dummy's hips 
with those of the bulkhead a t  the  rear  of the  cockpit can be seen  for  the 
18O unflared  landing  crash i n  figure 29. It i s  evident that the standard 
military 3-inch  nylon  lap belt used i n  this crash was suf f ic ien t ly  rigid 
t o  keep the dummy's hips from exceeding the bulkhead acceleration. The 
harness  and the dunmy's sponge-rubber f l e s h   f i l t e r e d  out the high-frequency 
components of the bulkhead  acceleration  and  delayed the acceleration of 
the d w * s  hips  by  approximately 0.02 second. Both accelerations at- 
tained a peak of about 35 g 's Hlgh-frequency components of the bulkhead 
acceleration  rose  to 45 g ' s .  It i s  evident that these  high-frequency 
camponents have l i t t l e  effect on the  acceleration  response of the p i lo t .  

The l r i n c h  cotton  shoulder harness with the nylon l a p   b e l t  used i n  
the 18' crash, however, did not   res t ra in  the dummy's chest   suff ic ient ly ,  
and amplification of the  acceleration  occurred. The pictures of the  
crash  (fig.  14( a) ) show the marked forward  displacement of the durmny ' s 
shoulders  permitted by the excessive harness stretch.  This stretching 
allowed  the dummy's ches t   to   a t ta in   re la t ive   ve loc i ty   wi th   respec t   to  
the airplane. When the  harness finally became taut ,  the acceleration of 
the dumy's chest   (f ig.  30(a)) exceeded that of the  airplane  structure 
( f ig .  30(b) ) The maximum chest  acceleration was about 45 g's as com- 
pared  with 35 g 's  for   the  maximum acceleration of the airplane.  

3 

Similar results were obtained in  the light-airplane crash tests 
( r e f .  5 ) .  Higher accelerations weremeasured on the  dummy's chest  than 
on the a i rp lane   s t ruc ture   to  which he was restrained. 
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By comparing these  acceleratians with the  accelerations which humn 
beings have tolerated,  it is possible  to determine whether a p i lo t  can 
tolerate  the maximum accelerations  that  can be transmitted t o  h i m  before - 

the cackpit .colLapse.s, -ReferFnces- 3 and 6 indicate that human subjects 
have been voluntarily  subjected  to  decelerations of G-g" s f o r  Fnteryiils _ _  
up t o  0.06 second  without  inJury when properly  restrained. The harness -- 

used in  these  tolerance  studies.  ccmsisted of a lap belt ,   thigh  straps,  a . shoulder  harness,  and a chest   strap.  It was pointed-out.  in  the  section 
"Accelerations  transmitted  by  cockpit  structure" that incipient  cockpit 
failure  occurred  with a load of 35 g's,.and_cmplete  collapse  occurred  at. 
a load of 40 g ' s .  Therefore, i f a   p i l o t  i2.qr-perly restrained  in   this  
type of airplane, he  would survive  the maximum longitudinal  accelerations 
t h i s  airplane can transmit  before  the  cockgit  collapses. 

. ." " _ _  

. - - . - . . . . . . . 

" 

Longitudinal  accelerations  resulting  from.tearing..out complete land- 
ing gear. - The accelerations  associated w i t h  tearing a l l  landing- gczm 
assemblies from the  airplane a t  the same- time  (impact with wheel  abutment) 
were f e l t  by the dumy  only as a ser ies  of w e a k  j o l t s .  The longitudinal 
accelerations of the cockpit  floor,  bulkhead and dunnny's hips measured 
in   t he  18' crash  during this act ion  ( f ig .  31j show this resu l t .  The 
cockpit  floor and bulkhead a t  the rear of the- cockpit  both show high- 
frequency  acceleration  gatterns. This high-frequency  shuddering i s  
damped out, and the peak acceleration  transmitted  to  the dummy's Ups i s  
about 8 g's.  This pulse  continued  for about-O..05 second. Ihta frcmi the 
other  crashes-show  the same results. 

These data show that the  accelerations  associated with tearing  out 
the  landing  gear  are  not an Important survival hazard  because of their 
low magnitude  and short  duration. 

Restraining-Harness Loads 

The loads on the  res t ra ining harness are  derzved largely from longi- 
tudinal  accelerations. The mrmal acceleration cancponent i s  suppo?$ed 
largely by the seat. For this reason  theharness loads are compared t o  . 

the  longitudinal component uf the  acceleration i n  this discussion. 

The data from the 18O unfJ-ared landing crash  indicate that the 
harness loads a re  samewhat below those that might be  expected from the 
acceleration  recards. The shoulder-strap loads totaled 18QO p o u n h - a t  
the instant  (0.12 sec)  the l e f t  s t rap broke as shown i n   f i gu res  32(a) 
and (b) . A t  the same instant  (0.12 sec)  the  left-lap-belt  load was -900 
pounds (fig.  32 (c 1 ) . The right end of the  lap-belt  tension was not ob-- 
tained. If the   to ta l   l ap-be l t  load i s  assumed t o  be double that of the 
l e f t -be l t  value, the to ta l   l ap-be l t  Soad wou ld  be 1800 pounds. The sum 
of the  harness loads would be 3600 pounds. . Since  the dummy weighed 
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200 pounds,  this  3600-pound  load  corresponds  to a deceleration of 18 g's. 

was 45 g's  (fig.  30(a)). This difference  may  be  the  result  of  friction 
between  the  buttocks  and  seat  plus  the  legs  being  restrained  by  the 
rudder  pedals.  The  acceleration  calculated  from  the  restraining-harness 
loads, then,  is  less  than half the  acceleration  measured on the  dunmy's 
chest.  These  results do not mean, however,  that  the  restraining  harness 
can  be  designed  for half the  acceleration  load. 

b At  the  same  instant,  the  longitudinal  acceleration of the  dunnny's  chest 

Normal Accelerations 

In the  previous  discussion,  it was shown  that a properly  supported 
pilot  can  survive  greater  accelerations in the  longitudinal  direction 
than  the  airplanes  used in this  imiestigation  are  capable of transmitting 
to him through  the  fuselage nose and  cockpit  structure.  These  structures 
would  collapse  and  crush  the  pilot  before  exceeding  the  tolerance  level 
of a human  to  accelerations  in  the  longitudinal  direction. 

The  tolerance  level  of  humans to accelerations  in a normal direction 
(parallel  to  and  compressing  the  spine  when in normal seated  position) 
is  much  lower  than  those  for  the  longitudinal  direction  (ref. 7 ) .  The 
I13&xlmum design  acceleration  for  upward  ejection  seats  for  the U.S. Navy 
and  Air  Force  is 20 g's.  Swedish  experience  with  upward  ejection  seats 
designed  for a maximum acceleration  of 25 g's  has  resulted in occasional 
spine  injuries.  It  may be concluded  that  the maximum normal accelera- 
tion  tolerable  without injury is about 20 to 25 g's in contrast  to 40 g's 
for  the  longitudinal  direction  (perpendicular  to  the  spine) . 

Variation  of maximum normal acceleration  with  impact  angle  at  center 
of  gravity. - The normal accelerations of the  airplane  center of gravity, 
associated  with  the  initial  impact of the  airplane  during a crash, vary 
with  angle of impact much in the  same  manner  as  the  longitudinal  accel- 
eration.  Accelerations  for  the  initial  impact in the 4O ground-loop 
crash  and  the 22' crash  are  shown in figure 33. %ta were  not  obtained 
at  the  airplane  center  of  gravity in the 18O and  27O  unflared landing 
crashes. As the  impact  angle  became  steeper,  the  velocity cmponent of 
the  airplane n o m 1  to  the  slope  increased. As a consequence,  the  area 
under  the  acceleration-time  curve  grew with this  increased  vertical  ve- 
locity  component.  For  the 4' angle of impact, a peak  vertical  acceler- 
ation of 8 g's occurred. At an impact  angle of 22O,  the  peak normal ac- 
celeration  rose  to  about 42 g's.  These maximum normal accelerations of 
the  airplane  at  the  center  of  gravity  have  been  plotted  against  impact 
angle in figure 34. 

The  cockpit was not  crushed  in  the 22' crash.  The normal accelera- 
tion  during  this  crash,  however, was 42 g's. This acceleration  is well 
beyond  presently  accepted  human  tolerance  limits  for  blows  parallel  to 
and  compressing  the  spine. 



Nor ina l  acceleratioru from striking s o u n d   a f t e r  stall. - In  the 22' __ 
unflared landhg cmsh,  the airplane bounced into the air  following its 
f i rs t  impact with the ground. After  f lying ZOO fee t ,  the airplane  struck 
the ground tail f i rs t  as shown in the   s t r i p   f i lm  from motion pictures i n  
figure 35. In this event,  the-  cockpit  section of the a i rp lane   fe l l   about  
20 feet, and the no-Fi?ial velocity was about  equal t o   t h e  forward ve lod ty .  
The mawitude of the normal accelerations of the  cockpit  floor during 
this second  impact i s  shown in   f igure  36. I n  t h i s  stall and slamming- 
down period, between 2.86 t o  2 .91  second a f t e r  impact ( f ig .  3 6 ) ,  the 
maximum n o m 1  acceleration on the  cockpit  floor was about 55 g ' s  as Cam- 
pared with about 30 g ' s  that occurred i n  the first impact ( f ig .  37 ) .  
The base duration of this 5 5 - g S s e  was about 0.05 second. 

" 
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Normal accelerations  in  cart-wheel crash. - The normal accelerations -- . .  

in  the  cart-wheel  crash were relat ively mu. During the en t i re   car t -  
wheel crash,  the maximum n o m 1  acceleration af the  cockpit  floor was 
about 15 g ' s  a t  2.2 seconds with several  short  pulses of about 10 g 'e  
as shown in   f i gu re  38. A sh i l a r  r e su l t  was obtained  for  accelerations 
in   t he  longitudinal direction. 

" - 
.. 
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Normal accelerations  transmittedtcrdurmPy. - The normal accelera- 
t ions  tranamitted  to a pilot   during a crash may or may not be of the 6ame 
magnitude as those on the  f loor  under him. I f   t he   s t ruc tu ra l   t i e  between . * . .  

a p i l o t  and the floor i s  suff ic ient ly  rigid, the two accelerations  should ..X _.I. 
be essent ia l ly  the-kame. On the  other hand, if a pi lot .  i s  s i t t i n g  on 
compressible  material  (cushion 0- seat pack parachute), or i f  the  seat  - - .. 
fails, the blow may be  either  attenuated  or amplified. 

11 

Two instances  in which the normal acceleratian.  af "the dummy was 
greater  than that af the.  cockpit  floor  accurred during the 22' unflared 
Landing crash. The first instance  accurred. when the  airplane  struck  the 
inclined  slope. It i s  believed that during this lmpact the  seat   adjust-  
ing mechanism failed i n  a normal direction. The pins  sheared  through 
the holes   in  the support  tubes  (fig. 39) . This fa i lu re  allowed  the 
dummy t o  move d m a r d  md t o  acquire  velocity  relative  to  the  cockpit 
f loor.  When the dummy bottomed against  the  cockpit floor, the-hip ac- 
celeration exceeded the maximum floor  acceleration. The peak normal 
acceleration on the dummy's hips  (fig.  40(a)) was about 60 g ' s  as cam- 
pared with an acceleration on the cackpit  floor of 35 g' s ( f i g .  4a(b) ) . 
The second instance  occurred when the airplane a g s h   s t r u c k  the ground 
after it f l e w  into  the air following the first impact ( f ig .  35). Dufing 
this second  impact, the dummy was f r e e   t o  move because of the seat fail- 
ure that occurred in the first impact.. Again the  acceleration of the 
dummy's hips exceeded  those of the  cockpit  floor. The peak normalac: 
celeration af the durmny's hips (fig.  41(a)) was mme than twice the ac- 
celeration of the  cockpit floor ( f ig .  41(b) ) . 



NACA RM E57GU 17 

Normal blows  such as these  just  described  would  have  injured a 
pilot. For example,  the  second  blow on the  dummy's  hips was several 
times  larger  than  the  20-g  acceleration  accepted  as  the max3mum for  up- 
ward  ejection  seat  design. It is  apparent,  then,  that  means  of  reducing 
the  overshoot  and  attenuating  the normal blows  would  provide  worthwhile 
gains in crash sur-vtval. 

In contrast to the  blows  Just  described, n o d l  blows  that  could  be 
considered  tolerable  for an adequately  restrained  pilot  occurred  during 
the  ground-loop  crash.  The normal acceleration on the  dunrmy's  hips, as 
the  airplane s u d  over a bask, was only 5 g 8 as  shown  in  figure 42(a) . 
Larger normal acceleration of the dummy's hips  occurred  after  the  air- 
plane  slid  over  the  ba&  and  fell  approxFTnately 5 to 6 feet.  During  this 
action,  the normal acceleration on the  dummy' s hips was 18 g' s (fig. 
42b) 1 

It may be  concluded  from  the  foregoing  discussion  that normal ac- 
celerations  that  exceed human tolerance may occur in a crash  that  is 
otherwise  survivable. If maximum crash  impact in which a pilot may sur- 
vive  is  to  be  obtained,  means for attenuating  these normal accelerations 
should  be  investigated.  Several  means  of  attenuating  these  accelerations 
are  discussed in reference 8. 

CONCUTSIONS 

From the  information  obtained  with  five  experimental  crashes with 
FH-1 fighter  ai  lanes,  three  of  which  were unfhred landing  crashes at 
la0, 22O, and 27 3 angles of Impact, a cart-wheel  and a ground-loop  crash, 
the  following  conclusions can be  made: 

1. An adequately  restrained  pilot  can  withstand  greater  longitudinal 
accelerations  than  the  cockpit  structure  of  this  airplane  can  transmit  to 
him  before  it  collapses. 

2. Human tolerance  to normal acceleration was exceeded in all the 
unflared landing crashes. 

3. Incipient  failure  of  the  cockpit  structure  occurred at a longi- 
tudinal  acceleration  of 35 g ' s .  Complete  failure  occurred at 40 g's. 

4. The  longitudinal  accelerations  of  the  bulkhead  and  the  dumrny's 
hips  were  similar  which  indicates  that  the  lap-belt  restraint  used in 
this  study was sufficiently  rigid  to  prevent  dynaaic  overshoot. 
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5. “he  longitudinal  chest  accelerations  exceeded  those of the air- 
plane  structure w h i c h  showed  that  the  standard  shoulder  harness  allowed d 

the  dunany’s  chest  to  attain  excessive  relative  velocity  with  respect to 
the  airplane. 

6. In some  crashes,  the normal accelerations  measured on the dummy’s 
hips were as much a s  twice  those  measured on the  cockpit  floor. . -  

i 
t 

Lewis Flight Propulsion  Laboratory 
National  Advisory  Committee  for  Aeronautics 

Cleveland, Ohio, July 15, 1957 
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APPE3WI.X - DESCRIPTION OF TEI;EMETERING DATA RECOFDING SYSTEM 

The  telemetering  system  consisted  essentially of transducers  for 
converting  the  accelerations  or  belt  forces  to  electrical  pulses.  These 
pulses  were  fed.  into a radio  transmitter  carried in the  airplane.  The 
transmitter  converted  the  information  to  radio  waves  that  were  transmitted 
to  the  receiving  station.  The  receiving  station  then  reconverted  the 
radio  signals to electrical  pulses  that  were  fed  to  recording  galvanometers. 
The  galvanometers  in  turn  recorded  the  data on photographic  paper. 

The  accelerometers  were of the  variable-inductance,  suspended-slug 
type  and  had a measured  undamped  natural  frequency of approximately 300 
cycles  per  second.  They  were  filled  with  silicone m i n g  fluid  and  in- 
dividually  checked  for a damping  ratio of 0.60 to 0.64. This damping 
ratio  resulted  in a flat  response  within 5 percent,  up  to 85 percent of 
the  undamped  natural  frequency. As a result,  the  accelerometer  response 
was flat  within F5 percent  to 250 cycles  per  second. 

The tensiometers  were  also  in  the  variable-inductance  category of 
transducers.  They  consisted of two  rigidly  interconnected  beams  that 
held a powdered-iron  slug in proper  alinement  within a coil. Tension 
applied  to  the  lap  belt or shoulder  harness  caused  the  beams  to  deflect 
and  resulted  in a relative  displacement  between  the slug and c o i l .  This 
produced a change in the  apparent  inductance  at  the  terminals. The ten- 
siometers  had a calculated  undamped  natural  frequency  (first  mode) of 
I320 cycles  per  second;  and,  since  an  undamped  system  has a flat  response 
within 5 percent  up  to 22 percent of the  undamped  natural  frequency,  this 
system  did  not  require  damping,  and  the  response  was  flat  within 5 percent 
up  to 420 cycles  per  second. 

The  telemeter  system,  exclusive of transducers  and  recorders,  had  an 
accuracy &2 percent of full-scale  amplitude,  and a frequency  response  flat 
within k2 percent  from  steady-state  conditions  to 200 cycles  per  second. 
The  nature  of  frequency-modulation  discriminators  is  such  that an increase 
in amplitude  lowers  the  limit of flat  frequency  response.  This  system 
faithfully  reproduces  nonoscillatory  conditions  to  full-scale  amplitude, 
but  at 200 cycles  per  second  the  amplitude  must  be  held  within A20 percent 
of full  scale  from  the  center of the  range  in  order  to  have  within A2 
percent  flat  frequency  response. 

Galvanometers  which  had a response  that  was  flat  within 5 percent 
to 300 cycles  per  second  were  used for recording the three  components of 
airplane  acceleration.  The  galvanometers  used  to  record  the  belt  tensions 
and  dummy  accelerations  were  flat  within 5 percent  to 100 cycles  per 
second. 
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Bulkhead 

Shoulder- 
harness 
attachment-- 

dr Seat attachment to bulkhead- 

Diagonal bracs . 

Support tube 

Seat support pins and 
height adjusting holes 

Bottom sliding collar 

Lap-belt 
attachme 

Floor socket Floor of airplane 

Seat support 
channel 

Figure 2. - Bucket-type pilot's seat as installed in fighter airplane. 
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B-e 3. - AnthrDpomorphic mnnnpr l.mbllst3 in cockpit of fighter airplane. 
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Shoulder harness 

Shoulder- 
harness 

Side 

Shoulder harness 

Front 

I 
Side 

(a) W l a r e d  landing (Iso and 22'1, aart-wheel , and ground-loop crashes. 

Shoulder- 
haXTl8BS 

Bulkhead 

Thigh- 
st rap 

kD- 

Shoulder harness 

c Front 

beit anchor - u 1 
Side /Ems7 

(b) 27' Unflared l a d i n g  crash. 
". 

Shoulder harness l ap   be l t  
Craah Material Strength, l b   f i t e r l a l  Strength, lb 

18O 1-3/4" Cotton 1500 3" Nylon 3000 
(ata-rd 
muitam) 

I 220 I 

3" Nylon I 4150 I 
Figure 4.  - Sketch of harnesses whiah restrained anthropamorphia dunmy la seat dur- crash. 
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(b) View from front of cockpit. 
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Figure 9. - ContLrmed. Accelerolaetera i a a t a e d  in fighter airplane. 
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Figure 10. - Accelercuetem i n e t a l l e d  in a-hlc &wq. 
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(b) Cheet. 

Blgrrre 10. - Cmtlmled. Acoeleromtars insta l led  in anthropomorphic d m .  
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(e) Hips. 

Figure 10. - Concluded. Accelercmeters lndalled in antbropcrnorphic timmy. 
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Figure 12. - Magnetic tape  recorders instal led In f igh te r  airplane. 
" . 
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0.078 0.115 

0.152 . . - . . . 
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Time after mse impact wlth gruund, sec 
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Figure 14. - S t r i p  film from motion pictures of 18.9, Z F ,  and 2T0 lmf la red  landing craahes. 
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Figure 14. - Continued. St r ip  film f rom motion pictures of 180, 2Z0, and 2'f' unflared 
landing crashes. 
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Time a f t e r  a088 impact wlth wound, EBC 

(b) ZP. 

Figure 14. - Continued. S t r ip  film from motion piC*WeE of 18O, 220, and '2'7' unflared 
landing crashee. 
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Figure 14. - Continued. Str ip  film from motion pictures of 180, 220, and 27' unflared 
landing crashes. 
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Figure 15. - Longitudinal  acceleration of cockpit floor in  d l a r e d  landing 

crashes of fighter airplane. 
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landing crashes of fighter airplane. 
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(a) 18'. 

60- 

40- 

0 .1 .2 .3 .4 
Time a f t e r  nose  impact,  sec 

( 4  27O. 

Figure 19 .  - Longitudinal  acceleration of airplane  center of gravity in 
unflared  landing  crashes of fighter airplane. d 
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Figure 21. - S t r i p  film from motion picturBa.Df ground-loop crash. 
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Figure 21. - Concluded, Strip film from motion pictures of ground-loop crash. 
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Figure 25. - St r ip  film from motion picturSs of c a r t - w h e e l  craah..of fighter . -  
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Figure 25, - Concluded. Striz film fmm motion pictures of cart-wheel crash of fighter 
airplane. 
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Figure 27. - Relation between maximbun 
longitudinal  acceleration.of a i r -  . 
plane'at  center of gravity and i m -  
pact angle during  crashes of 
f ighter  airplane.  - .  .- . " 
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(b) Bulkhead. 

Figure 29. - Comparison of lowi tudiml   acce le ra t ion  of d~rmny's hips with 
t h a t  of bulkhead in 18' unflared  landing  craeh of fighter airplane.  
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Figure 30. - Comparison of longitudinal  acceleration of dummy's chest  with 
t h a t  of bulkhead in  18' unflared  landing  crash of fighter airplane.  
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Figure 32. - Harness loads obtained  during 18' unflared  landing  crash 
of fighter airplane.  
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Figure 34. - Relation between maximum 
normal acceleration of airplane a t  
center of gravity and  impact angle 
f o r   i n i t i a l  impact during  crashes 
of f igh te r  airplane. 
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Figure 35. - S t r i p  fiim from motion pictures of second impact In 220 unflared landing 
crash of fighter airplane. a 



2.566 . 2.606 

2.646 2 -686 
..... . .  , ., ........... 

2.724 
. - -- - - , . ." 

. . . .  
c 

. .  

2.806  2.842 

(b) 2.566 t o  2.842 seconds. 

Figure 35. - Concluded. S t r i p  film from motion pictures  of second  impact in 22O unflared 
landing  crash of f igh ter   a i rp lane .  
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Figure 37. - Normal acceleration of cockpi t   f loor   during  ini t ia l  impact 
in 22 unflared landing crash of fighter airplane.  
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Figure 4l. - Comparison of normal a c c e l e r a t i m  of cockp i t   f l oo r   w i th  those on dunmry's 
hips during second impact in 22' unflared landing crash  of f i g h t e r  airplane. 
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